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ARSENIC IN GROUNDWATER AND RURAL PUBLIC WATER
SUPPLIES IN NEBRASKA, U.S.A.
David C. Gosselin, Lynne M. Klawer, R.M. Joeckel, F. Edwin Harvey,
Angela R. Reade, and Kevin McVey
School of Natural Resources
Institute of Agriculture and Natural Resources
University of Nebraska-Lincoln
Lincoln, NE 68583-0996
dgosselin2@unl.edu

ABSTRACT-The highest concentrations of arsenic in groundwater are found in the Nebraska Panhandle,
southwestern Nebraska, and the Republican River valley. Data from 33 public water supply wells indicate that
significant variability in arsenic concentrations did not occur over a one-year study. The general absence of
temporal variability in arsenic concentrations suggests that the collection of one sample per year from most
wells will adequately characterize the arsenic concentrations to which the population drinking this water will be
exposed. The collection of additional samples is strongly recommended if the reported arsenic concentrations
are at, or slightly above, 10 I1g/L in order to verify that the average arsenic concentration is above the maximum
contaminant level. Short-term (4 to 24 hours) sampling experiments indicate that arsenic concentrations may
increase, decrease, or remain relatively constant during the first 30 to 60 minutes after a well is turned on. The
potential for these changes need to be considered when collecting samples for regulatory purposes. It is recommended that the sampling scheme be designed around the operational history of the individual wells within a
system. This will provide a more realistic assessment of the arsenic concentration to which the consumers of the
water are exposed.
Key Words: arsenic, groundwater, Nebraska, public water supplies, water sampling

INTRODUCTION

The U.S. Environmental Protection Agency (EPA)
lowered the maximum contaminant level (MCL) for
arsenic (As) from 50 ~g/L to 10 ~g/L (U.S. EPA 2004),
a change that went into effect in January 2006 (1 ~g/L
equals 1 ppb). According to the Nebraska Health and
Human Services System (NHHSS), the estimated costs
to mitigate the problem for the 50 to 80 individual communities with arsenic concentrations greater than 10 ~g/L
range from $700,000 for Wood Lake, NE, population 59,
to $11 million for Norfolk, NE, population 24,000. Total
costs to mitigate arsenic problems in public water supplies
(PWS) across Nebraska are estimated to be greater than
$120 million. Eighty-one percent of the towns having
arsenic problems have less than 1,500 residents, and median household incomes are less than $20,000. Currently,
two primary strategies can be used to mitigate the arsenic
problem: water treatment or finding a new water supply.
To implement these strategies, an understanding of the
ways water quality varies in space and time is required.
Evaluations of the occurrence of As in groundwater
and drinking water within the United States reveal a

complicated distribution pattern that is presumed to reflect geological cause and effect (Korte and Quintus 1991;
Frey and Edwards 1997; Welch et al. 2000; Focazio et al.
2000). Ryker (2003) reports that nearly 9% of the nation's
4,390 public water supplies have arsenic concentrations
greater than 10 ~g/L MCL. Erickson and Barnes (2005)
indicate that 6.7% ofPWS in Minnesota, Iowa, North Dakota, and South Dakota have arsenic concentrations that
exceed the MCL. These authors document the association
of the high arsenic concentrations with the occurrence of
late Wisconsin-age glacial drift.
The concentration of arsenic has been documented
to change in individual public water supplies. Robertson
(1989) showed that the changes in the As content of a well
were related to pumping, to the amount of colloidal hydrous
ferric oxide in the water, and to changes in the pH and redox
conditions of the aquifer during pumping. In an evaluation of 17 high-capacity wells from the Willamette Basin
in Oregon, Hinkle and Polette (1999) found that in some
wells As concentrations varied by almost ±50% from the
mean concentration for the well. Hering and Chiu (2000)
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documented changes in As concentrations between 10 and
20 ~g/L over nearly two years in two municipal wells in
Hanford, CA. These authors proposed that the temporal
variability is largely due to short-term (hour-to-hour or dayto-day) variations in well use prior to sampling. Over the
course of a year, Erickson and Barnes (2006) documented
an increase in arsenic concentrations in which the As concentrations were below 10 ~g/L at the start of pumping and
climbed to over the MCL during the first 60 min of pumping. Considering that sampling for arsenic compliance is
only required every three years, understanding both the
random and systematic changes in arsenic concentrations
in public water supplies is crucial to helping these water
supplies comply with the arsenic MCL limit.
The objectives of this paper are to (1) provide an
overview of the distribution of arsenic in Nebraska
groundwater systems; (2) examine the extent to which
As concentrations in public water supply wells vary over
time; and (3) evaluate sampling strategies for As in public
water supplies.
BACKGROUND AND METHODS
USGS Data

To assess the occurrence of arsenic in Nebraska's
groundwater system, data from the National Water Information System of the U.S. Geological Survey (USGS)
was compiled. Samples in this data set were collected
from wells used for a variety of purposes: public water
supply, research, agriculture, industry, and domestic water
supplies. The USGS collected 534 samples from 395 locations from 1973 to 2000. Samples were filtered and acidified in the field at the time of collection. Graphite furnace
AAS and inductively coupled plasma mass spectrometry
(ICP-MS) were used to analyze for As. The nominal detection limit was 1.0 ~g/L for the USGS data.
The USGS data set had 6.6% of the samples below the
nominal detection limit. The EPA (1996) recommends
that if less than 15% of the samples are below the detection limit, the results of standard parametric statistics will
not be substantially affected using one-half the detection
limit. In our case, we replaced detection limit values of
"less than" with 0.5 ~g/L. Unless otherwise indicated,
parametric statistics were used.
Public Water Supply Data

To assess the extent to which arsenic concentrations
vary, 33 individual wells from 20 public water supplies
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were sampled (Fig. 1). Wells were selected based on preexisting reports of high As concentrations, the geographic
distribution of PWS, the willingness of PWS managers to
cooperate, and the recommendations of Nebraska's Arsenic Task Force. Sampling of the selected wells took place
under two different sampling campaigns. During the first
campaign, from November 2002 to December 2003, two
wells each from 10 PWS were sampled 11 to l3 times.
Similar geologic sources were sampled for nine of the 10
PWS. The two wells at Shelton are screened at different
depths and withdraw water from different sand and gravel
units. The Lodgepole wells are also at different depths,
but both are screened in the Brule Formation. The second
campaign during 2005 involved quarterly sampling of l3
wells from different communities. The number after the
town name is used as a local identifier where necessary
throughout the manuscript.
PWS Sampling Protocol

The protocol used for sampling each PWS well was as
follows. Wells were sampled directly from a faucet near
the pump. Each pump was run more than 10 min or until at
least three well volumes were pumped. Purging continued
until pH, specific conductance, and temperature stabilized
(±5%) for three consecutive measurements using I to 2
min intervals. Dissolved oxygen (DO) concentrations
were collected as a first-order indicator of the redox state
of the sampled water. Field instruments for pH and DO
were calibrated at each PWS. Specific conductance was
calibrated three times per day.
Twenty-four-hour pumping experiments were conducted on Stromsburg 1, Oshkosh 1741, and Cambridge
531 to evaluate potential daily changes in As concentrations related to the initial start-up of the well. Prior to
each experiment, each pump was turned off for seven to
72 hours, depending on the demand for water by the PWS.
Twenty-four or 25 samples were collected from each well.
The third pumping experiment at Stromsburg was conducted for 6 hr and 11 samples were collected. Four-hour
pumping experiments were conducted for wells at Benkelman and York, and six samples were collected.
All samples were collected in 125 mL polypropylene
bottles provided by NHHSS. The PWS samples in this
study were not filtered. According to EPA and NHHSS
regulations, samples from PWS are not to be filtered
because those organizations are concerned with total
exposure and not just the dissolved component (U.S.
EPA 2002). Nonetheless, in the general interest of evaluating data collected under different methodologies, As
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Figure 1. Map of Nebraska that includes the study sites and locations of towns in which a sample from an individual public water
supply well has had a reported arsenic concentration greater than 10 IJg/L. Data was obtained from the Nebraska Department
of Health and Human Services. Wells in towns with names in bold, capital letters were sampled in 2002-2003. Wells in towns with
names in bold, lowercase letters were sampled in 2005.

concentrations in 50 samples were compared before and
after being filtered through a 0.45 Ilm filter. A Wilcoxon
signed rank test for the paired data indicated no significant difference between unfiltered and filtered samples
at the 95% significance level. Samples were acidified
upon arrival at the lab. Arsenic was analyzed using an
ICP-MS and EPA Method 200.8 at the NHHSS Laboratory. The nominal detection is 1.0 Ilg/L. Quality assurance procedures included duplicates, National Institute
for Science and Technology-based spiked samples, and
process and field blanks for each set of samples. Accuracy and reproducibility were acceptable at ±10%.

al. (1997). Table 1 provides a summary by groundwater
region of the arsenic data from the USGS database. The
percentage of these samples exceeding 10 Ilg/L MCL is
8.6, which is similar to the percentage of Nebraska public
water supplies that have As concentrations exceeding the
MCL (6%). The average values for individual groundwater regions range from 1.7 to 11.4 Ilg/L. The highest
average concentrations occur in regions 5, 7, and 9. Arsenic concentrations generally decrease toward the east.
Groundwater regions 10 and 11 have the lowest average As
concentrations of 1.7 and 2.7 Ilg/L, respectively.
Public Water Supply Data

RESULTS

Figure 2 illustrates the occurrence of groundwater
samples with arsenic concentrations greater than 5 ppb
within Nebraska's 13 groundwater regions. Groundwater
regions are defined by similar landscape characteristics
and the geologic occurrence of groundwater. Boundaries
between regions are zones of gradual change in the geologic occurrence of groundwater. A detailed description
of each groundwater region is provided in Gosselin et

The average concentrations for the 20 PWS wells from
the 2002-2003 study range from 4.2 to 22.1 Ilg/L (Fig.
3A). Twelve of those wells have average As concentrations
greater than the MCL. Only four of these (Stromsburg 1
and 3, Anselmo 871, and Broadwater 551) have average
As concentrations greater than 13 Ilg/L. An additional
four wells (Benkelman 962, Cambridge 831, Lodgepole
751, Oshkosh 741) have average concentrations between
9.3 and 9.8 Ilg/L, but at times they have values that exceed
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Figure 2. Locations where individual well samples have had arsenic concentrations greater than 5 I-lg/L. Data from the U.S. Geological Survey National Water Information System were used to construct this map. Data are mapped in the context of Nebraska's
13 groundwater regions. Numbers in the outlined regions refer to groundwater regions described in Flowerday et al. (1998) and
Gosselin et al. (1997). Within each region, groundwater occurs under similar hydrogeologic conditions. Boundaries between regions represent zones of gradual change.

TABLE 1
SUMMARY OF USGS ARSENIC DATA BY GROUNDWATER REGION
USGS
Average

Range

(~g/L)

(~g/L)

Number of
samples

Percentage of
samples >10

Region

Region name

1

Sandhills

7.0

<1.0-18.0

75

25

2

Platte River Valley

5.4

<1.0-59.0

210

7

3

Missouri River Lowland

4.8

1.0-13.0

8

25

4

South-Central Plains

3.3

<1.0-11.0

85

5

5

Southwestern Tableland

11.4

5.0-39.0

9

33

6

Northern Panhandle Tableland

5.1

<1.0-11.0

28

7

7

Southern Panhandle Tableland

7.3

2.0-18.0

31

19

8

East-Central Dissected Plains

6.3

1.0-17.0

20

20

9

Republican River Valley

8.7

3.0-14.0

12

42

10

Northeast Nebraska Glacial Drift

1.7

<1.0-5.0

19

0

11

Southeast Nebraska Glacial Drift

2.7

<1.0-12.0

31

3

12

North-Central Tableland

3.5

1.0-7.0

6

0

13

Hat Creek-White River Drainage

No USGS Samples

~g/L
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Figure 3. Average arsenic concentrations and one standard deviation for wells sampled during the 2002-2003 campaign (A) and
the 2005 campaign (B). Circles are the average value, and lines represent the two standard deviations.

10 ~g/L. The two wells at Elwood and Shelton 49 had the
lowest average As concentrations at 6.3, 5.5, and 4.2 ~g/
L, respectively. Wells in the same PWS that derive their
water from similar geologic units can have comparable
As concentrations (for example, McCook), or one well

can have concentrations up to 60% higher than another
(for example, Anselmo). Maximum and minimum As
concentrations in individual wells over the one-year study
varied by as little as 1.5 ~g/L to as much as 7.0 ~g/L (Figs.
4A-C). Data from the 13 wells sampled in 2005 have
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Figure 4. Representative time-series plots of arsenic concentrations for 2002-2003 sampling campaign (A, B); for Stromsburg (C),
including the data collected before and after well cleaning; and for 2005 sampling campaign (D).
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similar concentrations and variability to those from the
2002-2003 sampling campaign (Figs. 3A and 4D).
Data from the 24-hour pump tests indicate that variations in As concentrations occur with the first 30 to 60 min
of the pumping cycle. The As concentrations in the August
and September 2003 tests for Stromsburg 1 increased by
as much as 6 /-lg/L in the first IS to 30 min (Fig. SA). In
contrast, the arsenic concentrations decreased during the
August 2003 test at Cambridge S31 and the July 200S tests
at York and Benkelman in the first IS to 30 min (Fig. SA
and SB).

DISCUSSION
Geographic and Hydrogeologic Distribution of
Arsenic

The USGS data document that As concentrations vary
appreciably in Nebraska's groundwater systems. There is
no documented evidence for the extensive use of arsenicbased pesticides in Nebraska, and no industrial activities
can be linked to its geographic distribution. Therefore, the
non-uniform distribution of As across the state is related
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TABLE 2
HYDROGEOLOGIC PROPERTIES OF THE MAJOR ROCK UNITS IN NEBRASKA

Unit

Lithology

Multiple
stratigraphic
units

Clay, silt, loess,
glacial till,
sand and gravel

Ogallala
Group

Sand, sandstone, siltstone
and some gravel

Arikaree
Group

Sandstone and siltstone

Age

~

:J
0

0
Z

U.J
U

Pleistocene

lOka1.8 Ma-

Pliocene

U

0
N

Holocene

5Ma

~
-<

~
U.J

E--<

Miocene
24Ma-

Oligocene
o

c) IBrule Fm.

.-

34Ma-

,.c:: lQ)
~.:::
0:::

Siltstone. sandstone and
clay in lo\ver part

Hydrogeologic properties

Principal groundwater reservoir,
is generally equivalent to
High Plains Aquifer;
Ogallala Group is absent in parts of
eastern and northwestern Nebraska.
Arikaree Group is present
primarily in \vest.

Secondary aquifer in western Nebraska;
water may be highly mineralized.

U. Eocene
......----..... ~ ~ 1""'-65 Ma----- ~ ~ UNCONFORMITY~ ~

U

0N
0

Vl

U.J
~

Vl

:J
0
U.J
U

UPPER
CRET.

~
U.J

0:::

U

LOWER
CRET

98Ma-

Lance and
Fox Hills
Fms.

Sandstone and siltstone

Generally not an aquifer: yields water
to a fe\v wells in western Nebraska.

Pierre Shale
Formation

Shale, some sandstone in west

Generally a confming unit; sandstones
in west yield highly mineralized
water to a few industrialized wells.

Niobrara Fm.

Shaly chalk and limestone

Secondary aquifer where fractured and
at shallow depths, primarily in east.

Carlile Shale
Formation

Shale; in some areas, contains
sandstones in upper part

Generally not an aquifer; sandstones
yield water to a few wells in northeast.

Greenhorn and
Graneros Fms.

Limestone and shale

DakotaFm.

Sandstone and shale

Generally not an aquifer; yields
water to a few wells in east.
Secondary aquifer: primarily in east;
water may be highly mineralized.

Note: From Fiowerdav et ai, 1998.

to variability in local to regional groundwater flow systems and associated geochemical environments.
The highest As concentrations are found in the
Nebraska Panhandle and southwestern Nebraska.
Arsenic concentrations greater than lO ~g/L are common in groundwater regions 5 and 7. The predominant
groundwater-bearing units in regions 5, 6, and 7 include
Pliocene-Pleistocene sand and gravel deposits and the
stratigraphically older Tertiary Ogallala, Arikaree, and/
or White River groups (Table 2). The Ogallala and White
River groups have the greatest percentage of samples
that exceed the lO ~g/L MCL (Table 3). The White River
and Arikaree groups are dominated by fine-grained,
eolian volcaniclastic rocks. The very fine-grained sand
fractions of the Arikaree and White River groups consist
of 28% to 53%, respectively, of volcanic glass shards
(Swinehart et al. 1985). The Ogallala Group overlies
these volcaniclastic-sediment-dominated units (Swine-

hart et al. 1985). The Ogallala Group itself consists
mostly of fluvial sandstones and siltstones. Although
the Ogallala Group contains significantly less volcanic
glass than the Arikaree or White River groups, there are
a significant number of rhyolitic volcanic ash layers and
beds within the Ogallala (Swinehart et al. 1985). Since
the end of the Miocene, erosion has exceeded deposition
in western Nebraska and created the current landscape
that includes Pliocene-Pleistocene fluvial sediments
and eolian sands, which are likely to contain reworked
volcaniclastic sediments derived from the preexisting
terrane. In addition, the Pleistocene-Holocene sands of
the Nebraska Sandhills contain trace to nearly 10% volcanic glass derived primarily from the White River and
Arikaree groups (Swinehart et al. 1985).
Volcanic glass has often been implicated in the generation of high As groundwater (Nicolli et al. 1989; Smedley
and Kinniburgh 2002). Volcanic glass is easily weath-
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TABLE 3
SUMMARY OF USGS ARSENIC DATA BY GEOLOGIC UNIT.
USGS (534 samples)

Geologic unit
Quaternary
Sands and Gravels

Number
of samples

Percentage of samples
> 10 /lg/L

Range of concentration
(/lg/L)

358

4.7

<1.0 - 24.0

Tertiary Ogallala Group

56

19.6

<1.0 - 39.0

Tertiary Arikaree Group

8

0

4.0 -7.0

Tertiary White River Group

11

54.5

3.0 - 18.0

Cretaceous Dakota Group

14

0

<1.0 - 5.0

Permian Limestones/Shales

5

20

<1.0 - 12.0

Pennsylvanian Limestones/Shales

1

0

1.0

81

0

<1.0 - 5.5

Unidentified Unit

ered and the As originally contained within it is either
incorporated into alteration products such as clays and
iron oxides, or it is released into solution and adsorbed,
precipitated elsewhere, or flushed through the system. The
occurrence of high As concentrations in groundwaterbearing units that contain significant amounts of volcaniclastic sediments strongly suggests that most of the As in
western Nebraska ultimately comes from the weathering
of volcanic glass.
Groundwater region 9 has a significant number of
public water supplies that have arsenic problems, as well
as an overall high average arsenic concentration (8.7 ~g/L;
Table 1). Notably, many of the public water supplies extract water from the Republican River valley. This valley
is characterized by a relatively thin alluvial aquifer (50 to
75 ft thick) that is underlain by the relatively impermeable
deposits of chalk and shale of the Cretaceous Niobrara
and Pierre formations. The sediment in the alluvial valley
consists of sand and gravel containing reworked material from the underlying Cretaceous formations. Shale is
known to contain significant amounts of arsenic, among
other metals. The occurrence of high As concentrations
in groundwater-bearing units that contain sediments
having reworked shale strongly suggests that the As in
Republican River valley wells ultimately comes from the
weathering of shale fragments in the alluvial sediments.

ARSENIC VARIATIONS IN PUBLIC WATER
SUPPLIES

Annual Variability

One of our working hypotheses, similar to that of
Erickson and Barnes (2006), has been that if we can understand the causes of temporal As variations, we may be
able to manage PWS wells in a way to take advantage of
this variability and keep As levels below the MCL. Our
first step toward understanding variability in public water
supplies was to sample wells over the course of a year.
Arsenic concentrations in this study remained essentially
constant over the course of the one-year sampling periods.
This lack of variability was documented by the standard
deviation value for 32 of 33 study wells not exceeding 10%
of the average value for that particular well. Our data contrasts with other studies that document significant random
and/or systematic temporal variability in arsenic concentrations in PWS (for example, Robertson 1989; Hering
and Chiu 2000; Erickson and Barnes 2006). The general
absence of temporal variability in As concentrations over
the one-year sampling period was unexpected, especially
when one considers the long screen lengths from which
the water is extracted and the variable operational conditions under which the wells are operated.
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Our data support the recommendation of Erickson
and Barnes (2006) that it is worthwhile to collect more
samples when the As concentrations are at or near the
10 ~g/L MCL. For example, the collection of one sample
from Benkelman 962 when the As concentration was at
lOA ~g/L could have led to a regulatory notice. However,
collection of additional data points indicated that the
average As value for this well is 9.8 ~g/L. The cost of additional samples was a good investment compared to the
costs of mitigating the problem.
Short-Term Variability

Although the long-term variability in As concentrations is relatively small, the results of the short-term
pumping experiments indicate that As in individual
wells can be variable during the first 30 to 60 min after
pumping is initiated. Arsenic concentrations increased in
some wells and decreased in others over the pI escribed
pumping time. Erickson and Barnes (2006) noted similar
short-term variability in public water supplies in Minnesota. However, in the four PWS wells that had notable
concentration variability, the As concentrations were
below 10 ~g/L shortly after pumping started and then increased rapidly over the first 20 min. The values stabilized
at concentrations 1 to 5 ~g/L over the MCL.
Erickson and Barnes (2006) indicate that the shortterm As concentration variability can be explained by
reactions within the well casing and borehole and in the
aquifer surrounding the well. Specifically, the addition of
oxygen into the environment can result in the formation
of iron oxides, iron hydroxides, and other metal oxides
and hydroxides through a variety of biogeochemical
reactions (Houben 2003). Under a variety of geochemical conditions, As has an affinity to be adsorbed to the
surfaces of the aforementioned oxides and hydroxides.
Adsorption effectively removes As from solution. On the
other hand, As can be released as a result of the dissolution
of arsenic-contaminated iron oxyhydroxides (FEOOH)
due to the onset of reducing conditions in the subsurface
(Bose and Sharma 2002). Gotkowitz et al. (2004) indicate
that the well borehole is a complex environment where
the availability of oxygen will change in response to the
extent to which groundwater is being withdrawn. The
rate and duration of pumping will influence the oxygen
availability in the well bore and adjacent aquifer material. Gotkowitz et al. (2004) indicate that longer borehole
residence times leads to the greater potential for higher
As concentrations as the well environment becomes more
reducing. In contrast, the introduction of more oxygen-
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ated water during pumping may cause the formation of
iron hydroxides, hence removing the arsenic. This type
of scenario accounts for a decrease in As concentrations
during the early pumping times. An alternative scenario
would need to be invoked to explain the changes in arsenic
concentrations observed at Stromsburg and by Erickson
and Barnes (2006). Differences between aquifer and well
borehole quality need to be more thoroughly investigated
around high-capacity PWS wells, especially with regard
to modifying the design and/or the operation of a well to
reduce As concentrations.
As noted by Erickson and Barnes (2006), these
early time changes in arsenic concentrations have some
interesting implications for the acquisition of a "representative sample" for PWS wells as required by federal
regulations (U.S. EPA 2002). Currently in Nebraska, the
protocol for the chemical monitoring of drinking water
for inorganic analysis from municipal wells is that the
well should be run for approximately three minutes prior
to the drawing of a sample. These data presented here
and in Erickson and Barnes (2006) indicate that a sample
collected during the early stages of pumping can have As
concentrations either lower or higher than those obtained
when the well is pumped for longer periods more typical of a supply well. Clearly, three minute samples are
not representative of the As concentrations to which the
drinking water public would be exposed. Based on this
study, alternative procedures should be considered when
sampling for arsenic.
Although the federal requirements specify that a
representative sample must be taken, there is no specific
definition given for "representative." If the primary purpose of the chemical monitoring of PWS is to determine
the As concentration to which the public drinking water
is exposed, then the sampling scheme for a given system
should be designed around the typical operational history of the wells within a system. From our experience
with public water supplies, operators each have their
own procedure for managing their well system. Management is strongly influenced by water demand and how
the pumping wells are linked and/or sequenced to meet
that demand. From our examination of pumping records
from the participating public water supplies, an individual
well may run for 10 min to 2 hr to meet the demand and
then remain idle for a period of up to 12 hr. Considering
these types of circumstances, we recommend that wells
be sampled based on the average time over which a well
is pumped. A sample should be taken at the beginning,
midpoint, and end of the average time that the well is
pumped. This would provide a more realistic assessment
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of the As concentration to which the consumers of the
specific public water supply are exposed.
CONCLUSIONS AND RECOMMENDATIONS

The USGS data document a complex spatial distribution of As in groundwater throughout Nebraska. The
non-uniform occurrence of As reflects differences in
the geology, groundwater flow systems, and associated
geochemical environments throughout the state. The
geologic, hydrogeologic, and geochemical factors make
the prediction of As concentrations very difficult. The
highest As concentrations are found in the Nebraska
Panhandle and southwestern Nebraska. The occurrence of high As concentrations in groundwater-bearing
units that contain significant amounts of volcaniclastic
sediments in this part of Nebraska strongly suggests that
most of the As ultimately comes from the weathering of
volcanic glass. There are a significant number of public
water supplies that have As problems in the Republican
River. The occurrence of high As concentrations in this
area is a result of the groundwater-bearing units containing reworked shale that is the likely source of As in
Republican River valley.
Data from 33 PWS wells in Nebraska indicate that As
concentrations were essentially constant over the one-year
study. The results of this study were unexpected because
previously conducted studies in other parts of the United
States had documented the occurrence of significant variability in As concentrations in high-capacity wells over
similar time scales. The general absence of temporal variability in As concentrations suggests that the collection
of one sample per year from most of these wells in this
study will adequately characterize the As concentration to
which the popUlation drinking this water will be exposed.
However, the collection of additional samples is strongly
recommended if the reported As concentrations are at, or
slightly above, 10 Ilg/L in order to verify that the average
As concentration is above the MCL.
Short-term (4 to 24 hr) sampling experiments indicate
that variations in As concentrations can occur early in
the pumping cycle. If the primary purpose of the chemical monitoring of public water supplies is to assess the
As concentration to which the drinking water public is
exposed, then the best sampling scheme for a given system would be to design it around the typical operational
history of the wells within a system. Using this approach,
a water manager could sample the well at the beginning,
midpoint, and end of the average time that the pump typically runs. This would provide a more realistic assessment
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of the arsenic concentration to which the consumers of the
water in a specific public water supply are exposed.
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